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One of the chief roles of the liver in fat metabolism is temporary 
storage of excessive fats, thus regulating the blood content of lipids* 
If there is a failure of this regulating action, abnormal accumulation of 
lipids results as fatty infiltration of the liver* 
Fatty infiltration of the liver may result from several factors, one 
being protein deficiency. This was demonstrated by Treadwell (*48) who used 
choline free diets, and by Singal, Hazan, Syndenstricker and Littlejohn (*52) 
who used threonine and lysine deficient diets* 
The purpose of this investigation was to make a quantitative determina¬ 




REVIEW OF LITERATURE 
Singal, Hazan, Syndenstricker and Littlejohn ('52) experimented with 
22-day old Wistar rats fed on the following diets* (l) basal; (2) threonine 
deficient; (3) threonine deficient supplemented with fat; (4) lysine defi¬ 
cient; and (5) threonine and lysine deficient. At the end of 28 days the 
rats were killed by decapitation and livers were removed and analyzed for 
total amount of lipids. The threonine deficient diet produced no alteration 
in liver lipids. The inclusion of large amounts of dietary fat with the 
threonine deficient diet did not alter the liver lipids. Supplementation of 
the ration with threonine from 0.4% to 0.7% levels increased the liver lipids 
Diet 4 caused no large increase in fatty infiltration of the liver. Ifcon 
feeding the rats diets deficient in both threonine and lysine, there was a 
marked increase in fatty livers. The data obtained for various liver lipid 
constituents in threonine or lysine deficient rats resembled those found for 
choline deficient animals. It was concluded that there is a possible involve 
ment of these three substances in different parts of a common biochemical 
mechanism. These fatty livers possibly resulted from a deficiency of an en¬ 
zyme system normally involved in the synthesis of phospholipids from compo¬ 
nents of low molecular weight. 
Harper, Benton, Winje and Elvehjem (*54a) conducted experiments of two- 
weeks duration upon rats which weighed from 40 to 50 gm. to determine the 
lipotropic action of protein. Six animals per group were used and fed the 
following diets* (l) adequate control diet; (2) choline deficient diet; (3) 
methionine deficient diet; (4) adequate diet supplemented with protein; and 
(5) adequate diet supplemented with threonine. The animals were then 
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sacrificed, and their livers excised and stored at -4°C. Fat content was 
determined by ether extraction of the dried and ground livers. They ob¬ 
served that neither choline nor methionine deficient diets prevented some 
excess of fat from accumulating in the liver* Only when either the protein 
or threonine content of the diet was increased was the fat content of the 
liver reduced to what was considered the normal range* 
Harper et al. ('54b) fed 10 groups of Sprague-Dawley male rats which 
weighed from 40 to 50 gm. the following diets> (1) a basal diet; (2) a basal 
diet which contained 99s casein supplemented with choline; (3) a basal diet 
which contained 9% casein supplemented with methionine; (4) a basal diet 
which contained 9% casein supplemented with threonine; (5) a basal diet which 
contained 9% casein supplemented with threonine and methionine; (6) a basal 
diet which contained 9% casein supplemented with choline and one-tenth per 
cent DL-methionine; (7) a basal diet which contained 9% casein supplemented 
with choline, one-tenth per cent DL-methionine, and threonine; (8) a basal 
diet which contained 5% casein; (9) a basal diet which contained 59» casein 
supplemented with threonine; and (10) a basal diet which contained 5# casein 
supplemented with glycine. Deposition of fat in the livers of rats fed diet 
two was increased when supplemented with methionine. The normal level of 
fat was deposited in the livers of rats fed diet two, but when such diets were 
supplemented with as little as one-tenth per cent DL-methionine, fat deposi¬ 
tion was increased. The increased fat deposition was prevented by reducing 
the food intake of the animals or by supplementing the diet with threonine. 
In each instance diet 5 resulted in a substantial reduction in fat deposition 
in the liver, and even when methionine was omitted from the diet, some effect 
from the inclusion of threonine was apparent* The amount of fat that was de¬ 
posited in the livers of rats fed, diet 6 decreased gradually as the animals 
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matured and their protein requirement decreased. However, when the protein 
content ef the diet was reduced to 5£, fat accumulated in the livers of ma» 
ture rats. Accumulation was reduced when 5% casein diet was supplemented 
with either threonine or glycine. 
Harper, Benton, Winje, Monson and Elvehjem (*54) demonstrated the effect 
of threonine on fat deposition in the livers of mature rats. Male rats of 
Sprague»Dawley strain were used. Weanling rats which weighed from 40 to 50 
gm. were used for a 10-week period and rats which weighed from 200 to 250 
gm. were used in subsequent experiments for two to 5 weeks duration. They 
noted that the accumulation of fat in the livers of rats fed the basal diet 
for 4 weeks had greatly decreased by 10 weeks. Fat deposition increased 
rapidly during the first two weeks) from the second to the 4th week there 
was a slight decrease, followed by a more rapid decrease until by the 7th 
week the amount of fat found in the liver approached what was considered a 
normal value. They concluded that the deposition of fat in the liver was 
influenced by a protein deficiency and age of the animal. As the animal ma¬ 
tured its need for protein decreased. 
Treadwell ((48) studied the effects of dietary methionine, cystine and 
choline upon the growth and lipotropism in young white rats. Animals of the 
Sprague-Dawley strain which weighed approximately 50 gm. were used. The ex¬ 
perimental period lasted 21 days. The greatest stimulation of growth by 
choline was seen at the 200 mg. level, which also produced a normal fat con¬ 
tent in the liver. When the diet contained 200 mg. of cystine there was a 
distinct anti-lipotropic effect without a significant increase in growth rate. 
The animals which received a choline free diet which contained 18.6 gm. of 
protein, 500 mg. of methionine, and 100 mg. of cystine per 100 gm., grew at 
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a rate less than optimum and developed fatty livers and hemorrhagic kidneys. 
It was concluded that in rats which received choline free dietst methionine 
was needed for growth and labile methyl groups derived from methionine were 
needed for lipotropism and for the prevention of hemorrhagic kidneys. It 
was further concluded» that under certain experimental conditions the needs 
ef the white rat for methionine» cystine and choline and the metabolic in¬ 
terrelationship of these substances change, at least quantitatively, with 
the age of the animal. 
Tucker and Eckstein (*37) made the following observations when experi¬ 
menting with male white rats which weighed between 150 and 200 gm. 
(1) When cystine was added to a diet low in casein and high in 
fat, the amount of fat in the liver was markedly increased. 
(2) The livers of rats which received added cystine contained 
more fat than those of rats fed the control diet which con¬ 
tained neither cystine or methionine. 
(3) There was a 62% liver fat increase associated with cystine 
feeding with a corresponding 24% liver weight increase, as 
compared with a 46% decrease in liver fat associated with 
the methionine feeding and a decrease in liver weight of 27$. 
(4) When a diet which contained 5# casein and 40% lard was supple¬ 
mented with 0.5# methionine, the total lipid content ef rat 
livers was 41# less than when methionine was omitted. 
Stetten and Grail ('42) observed that cystine, DL-hemocystine and 
gwanidoacetic acid produced markedly fatty livers in white rats. When their 
diets were deficient in choline, fatty livers also developed. 
Heller and Blackmore ('54) fed male albino mice the following dietst 
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(1) adequate control diets) (2) an isocaloric protein and choline deficient 
diet) (3) an isocaloric protein deficient diet supplemented with choline) 
and (4) a low protein vegetable diet* Marked anorexia developed when the 
protein deficient diets were fed and this condition was not alleviated by 
the addition of choline* Histological sections of the livers of the mice 
were made, stained and studied* Study of these sections revealed that the 
greatest quantities of fat accumulated in the livers of the mice fed diet 
number two* Diet number three caused anorexia but fatty changes in the 
liver remained inconspicuous and no excess fat was found. Diet 4 also caused 
anorexia but did not lead to excessive deposition of fat in the liver* 
Handler (*53) fed four groups of male rats the following dietst 
(1) a basal diet) (2) a basal diet without salt mixture) (3) a basal diet 
without choline; and (4) a basal diet without choline and salt mixture over 
a period of 4 weeks* At the end of a two-week period some of the animals 
were sacrificed but others were allowed to live until the end of the experi¬ 
mental period. Half of the rats fed on diet three were pair-fed with those 
on diet 4t and the others were fed ad libitum. However, the fat composition 
of the livers of both groups was similar) that is, both groups had moderately 
fatty livers. Despite the complete omission of the salt mixture from diets 
two and 4, the animals grew slowly for the first two weeks* During the fallow¬ 
ing two weeks the rats on diets two and 4 lost weight. The choline in diets 
one and two offered complete protection against fatty infiltration of the 
liver* 
Shlls, Friedlan and Stewart (*54) fed young rats on one of a number of 
diets which contained different plant materials (com, rice, wheat and 
cassava) over a 12-week period. They found that a portal type of fatty liv- 
ers was rapidly and consistently produced in the young rats when they were 
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fed diets in which the protein was exclusively of plant origin. The ex¬ 
perimental lesions were quite similar to the type of fatty liver which was 
seen in the human disease Kwashiorkor. Within one week on a com meal diet 
excess fat appeared in the portal region of the liver and increased in 
amount over the 12-week period of study. The portal areas were the most 
seriously involved with large concentrations of fat. 
Lucas and Ridout ('55) fed groups of 6 male rats diets which contained 
three, 6, and protein. All diets contained the same amount of choline, 
methionine, and vitamin-B^* respectively. The animals were fed the test 
diets ad 1 ibitua for three weeks. At the end of the experimental period the 
animals were sacrificed and the livers were removed for the determination of 
fat. The determinations revealed that more fat was found in the livers of 
the rats fed on diets low in protein than in those fed on more adequate ra¬ 
tions. It was concluded that in spite of the presence of choline, methi¬ 
onine, and vitamin-Bj2 in equal amounts, a marked reduction in liver lipids 
occurred as the protein content of the diet was increased. 
Beveridge, Lucas and O'Grady ('44) demonstrated that free methionine 
had a limited lipotropic affect insofar as it did not lower liver fat to the 
same extent as did an adequate amount of casein. 
Peyton ('60), in an unpublished thesis, demonstrated that albino mice 
fed on a protein deficient diet would develop fatty livers. He used 30 
albino mice for experimentation, 10 as controls and 20 as expérimentais. 
The controls were fed a balanced diet and the experimentale were fed a low 
protein diet. The experimental period lasted 10 days. Each day two expéri¬ 
mentais and one control were sacrificed, the livers removed, histologically 
prepared and studied* The results indicated that fatty infiltration began 
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on the second day and persisted through the 9th day. The greatest amount 
of fatty infiltration occurred during the 6th and 7th days. Normal condition 
of the liver reappeared on the 10th day. It was concluded that the level of 
protein intake markedly affects the liver fat of mice fed a protein deficient 
diet. It was also concluded that adequate dietary protein was necessary to 
prevent the appearance of abnormal accumulation of fat in the liver. 
Harper, Monson, Benton, Winje and Elvehjem ('54) fed rats low casein 
diets supplemented with the followings (1) choline} (2) choline and threonine} 
and (3) threonine. Diet two caused a reduction in the deposition of both 
saturated and unsaturated fats within the liver. Diet three was not effec¬ 
tive in reducing the deposition of fat within the liver. The high fat depo¬ 
sition observed in the livers of weanling rats which received diet one indi¬ 
cated that the lipotropic action of protein could not be explained entirely 
on the basis of their methionine-cystine ratio* They concluded that at least 
three groups of normal dietary substances must be considered! (a) choline 
which is essential for phospholipid formation and which can be replaced by 
methionine} (b) threonine and probably other essential amino acids which may 
be required for the formation of an enzyme or enzymes necessary for normal 
liver metabolism; and (c) glycine, serine, betaine and related substances 
which may act in a non-specific manner by sparing essential compounds. Such 
factors as age, type of dietary carbohydrate, quantity and quality of the 
protein in the diet affect fatty infiltration. 
CHAPTER III 
MATERIALS AND METHODS 
Fifteen male albino mice which weighed between 14 and 20 gnu were used 
in this investigation. They were secured from Jackson Memorial Laboratory, 
. ' ' *?-• > ‘ *-■ ■ ^ ... , 
Bar Harbor, Maine. 
The experimental period lasted 10 days. The idee were divided into 
two groups { one group of 5 was used as controls and the other group of 10 
was used as experimentale. The control mice were designated as C-l, 02, 
03, 04, and 05. The expérimentais were designated as E-la,lb; E-2a,2bj 
E-3a,3b; E-4a,4b; and E-5a,5b. All animals were housed separately in bat¬ 
tery jars with mesh-wire caps. They were fed and watered daily, and a record 
was kept of the amount of food eaten by each mouse. 
The control animals were fed a basal diet of Gaines meal which contained 
the following ingredientsi 
Soy bean 
Com flakes (malt sugar added) 
Teased wheat cereal 
Meat and bone meal 
Fish meal (including liver and glands) 
4.59$ dried whole whey 
0.316& mono-and di-calcium phosphate 
0.239$ calcium carbonate 
0.189$ vitamin-A feeding oil 
0.0459$ alfalfa meal 
0.0239$ wheat germ oil 
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0.034/6 dried whey fermentation solubles (source 
of riboflavin) 
0.011$ irradiated dry yeast 
0.003$ manganese sulfate 
0.002$ ferric sulfate 
0.003$ copper sulfate 
0.0001$ potassium iodide 
0.00002$ cobalt sulfate 
The experimental animals were fed on a low protein diet which consisted 
of < 
Filter paper 4.7$ 
Casein 0.8$ 
Wheat starch 7.0$ 
Peanut oil 3.5$ 
Salt mixture 4.0$ 
Cod liver oil 4.0$ 
Water 76.0$ 
Sixty vitamin-B complex tablets and 2.25 gm. of wheat germ oil were added 
to the above ingredients. The salt mixture was a modification of the 
Osbome-Mendel (Hawk and 0sert *31) salt mixture. 
One control and two experimental mice were sacrificed by decapitation 
every two days. Before being sacrificed, each was weighed to determine the 
loss or gain of weight. The livers were removed and the wet weights of each 
recorded. Following this, they were placed in an oven at 110°C. for 4 hrs. 
and their dry weights taken. The dried tissue was prepared for fat extraction 
by grinding with a tissue homogenizer. 
Fat extraction was performed with a Soxhlet continuous extraction appara¬ 
tus in the following manner. The finely ground livers were placed separately 
in an alundum extraction thimble. This thimble was inserted into an extrac¬ 
tion tube which was connected at the bottom to a flask which contained the 
solvent* petroleum ether* by a ground-glass connection. At the tap* the ex¬ 
traction tube was connected to a water-cooled condenser. 
The flask which contained the solvent was heated over a water bath on a 
hot plate. The vapor of the ether passed from the flask through a side tube 
to the condenser. From the condenser* the solvent dripped into the thimble 
which held the ground liver and began to fill the extraction tube. From 
the extraction tube the solvent which contained the extracted fat flowed back 
into the flask by way of the connector. The cycle was repeated for a period 
of 6 hrs. Finally* the flask was removed and the solvent distilled over a 
water bath to separate the solvent from the residue of extracted fat. 
The residue was dried in a desiccator over calcium chloride for a period 
o of 12 hrs. It was then placed in an oven at 110 C. and further dried for 6 
hrs. to completely remove all traces of the solvent. The extracted fat was 
weighed and expressed as a percentage of the dry and wet weights of the liver. 
CHAPTER IV 
EXPERIMENTAL RESULTS 
During the early stages of this investigation visible changes in the 
coats, skin, activity and feces formation were apparent. The coats of the 
control animals remained smooth and white while those of the expérimentais 
were dull, dingy in color and shaggy. This condition appeared on the sec¬ 
ond day of experimentation and became progressively worse as the investiga¬ 
tion continued. The skin on the feet, body and tails of the experimental 
animals became darker than that of the controls. The activity of the animals 
fed an adequate diet remained normal, while that of the animals fed the pro¬ 
tein deficient diet decreased gradually. By the end of the investigation 
the experimental animals were near a state of dormancy. The feces of the ani¬ 
mals on the control diet were wall-formed and typical in color while that of 
the animals on the protein deficient diet was pale yellew in color but well- 
formed. 
Both groups of animals consumed food daily and neither showed a loss of 
appetite. However, all control animals gained in weight while the experi¬ 
mentale lost weight. The loss and gain of weight are indicated in Table I. 
On the second day of the investigation, when the livers of two expéri¬ 
mentais and one control animal were excised, a definite difference in the 
color of the livers was apparent. The liver of the control animal was typi¬ 
cally dark red in color, while those of the experimentale were whitish in 
color. The change in coloration of the livers of the experimental animals 




It was revealed by this investigation that the average amount of fat 
found in the livers of male albino mice was 9*2# of the dry weight of the 
liver and 2.6# of the wet weight of the liver. Vthen the same type of mice 
were fed on a diet deficient in protein, there was an increase in fatty 
deposition in the liver. The change seemed to vary as the animal matured. 
There was a steady increase in fat deposited in the liver through the 6th 
day, after which, the fatty infiltration began to decline. On the second 
day of experimentation there was an excess of 2.0# of fat per wet weight of 
the liver and 4.0# of fat per dry weight of the liver as compared with the 
fat content of the livers of the controls. There was an excess of 2.6 and 
10.0# of fat on the 4th day; an excess of 6.0 and 17.5# of fat on the 6th day; 
an excess of 2.8 and 11.0# of fat on the 8th day; and an excess of 3.3 and 
8.0# of fat on the 10th day per wet and dry weights of the livers, respectively. 
The largest amount of fatty infiltration occurred on the 6th day. On the 10th 
day of experimentation the amount of fat that was deposited was approaching 
the average fat content of the liver. These data are indicated in Table II. 
CHAPTER V 
DISCUSSION 
The experimental evidence presented in this investigation revealed that 
the control diet fed to one group of animals adequately supplied their nu¬ 
tritional needs and prevented the deposition of fat in their livers* The 
protein deficient diet which was fed to the other group» the expérimentais» 
did not adequately nourish the animals and caused them to develop fatty liv¬ 
ers. It further revealed that age and protein deficiency influenced fatty 
infiltration of the liver* 
These results are in agreement with the findings of other investigators* 
Harper, Benton, Winje and Elvehjem (*54) demonstrated that when young rats 
were fed a diet of 9% casein supplemented with methionine and choline, the 
amount of fat deposited in their livers decreased as they matured* However, 
when the protein content of the diet was reduced to 5%, fat accumulated in 
the livers of the mature rats. Harper, Benton, Winje, Monson and Elvehjem 
('54) demonstrated the effects of age and proteins upon fatty infiltration 
of the liver* They found that the livers of rats, fed on a basal diet sup¬ 
plemented with threonine, rapidly increased in fatty deposits during the 
first two weeks of experimentation but rapidly decreased in fatty deposits 
thereafter* Peyton ('60) revealed that a low protein diet caused fatty in¬ 
filtration of the livers of white mice* He further demonstrated that the 
highest level of infiltration occurred on the 6th experimental day* The 
findings of this investigation were in complete agreement with his findings* 
It was revealed in the review of literature that fatty infiltration of 
the liver may occur when young animals were fed a protein deficient diet. It 
may have been that as the animals matured during this investigation that their 
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need for protein diminished and fatty infiltration of the liver decreased* 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
1* A low protein diet affected markedly the deposition of fat in the livers 
of tfiite mice* 
2* Fatty infiltration of the livers of animals fed a protein deficient diet 
decreased as the animal matured* 
3* The normal amount of fat in the livers of white mice was 2»6% of the wet 
weight of the liver and 9*2% of the dry weight of the liver* 
4* The largest amount of fat deposited in the livers of white mice fed on a 
low protein diet occurred on the 6th day. 
5* Sufficient dietary protein was necessary to prevent fatty infiltration 
of the liver. 
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In the pilot school systems, PPBS experience showed that its 
implementation is a totally integrative process involving all levels 
and areas of expertise of a school system. Because of this experience 
the concept is defined as: 
A totally integrative process of comprehensive curriculum 
development where alternative courses of action are developed 
for identified goals. The courses of action which provide for 
the maximization of effectiveness with the minimization of 
resources are selected for implementation.17 
PPBS is a system that gives focus to the purposes of the school or 
school system. It makes goals come alive in the process of curriculum 
development. It must be specifically designed for each individual school 
system. It facilitates decision-making through a rational process of 
organizing data. 
The Atlanta Public School System attributes its solvency during 
the time when many independent school systems are being forced to close 
and/or lay off large numbers of their employees to its use of the PPBS 
management system. Analyzing, goal setting, planning, programming and 
budgeting have been the keys to Atlanta's success. The system officials 
feel that, even though the system has been forced to make sacrifices in 
some areas, it still maintains an excellent educational program. They 
also brag of the fact that not a single employee has been released. 
Management Information System (MIS) represents another systems 
approach method being utilized effectively in many school systems. It 
is used to bring all relevant data and information needed for making day- 
to-day decisions and solving special problems. The main purpose of a 
^Paul A. Montello and Charles A. Wimberly, Management Systems in 
Education (Lincoln, Nebraska: Professional Educators Publications, Inc., 
1975), p. 59. 
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Tucker, Helen F. and H. C. Eckstein 1937 The effect of supplementary 
methionine and cystine on the production of fatty livers by diet* J* 
Biol. Chem., 121 * 479-484. 
TABLE I 
WEIGHT CHANGES AND AVERAGE DAILY FOOD INTAKE OF THE 















*Vi 2.35 15.15 16.10 ♦ .95 
moil 
E-la 3.54 14.70 12.68 -2.02 
E-lb 2.10 16.71 13.81 -2.90 
02 3*54 15.50 16.90 ♦1.40 
E-2a 3.10 18.43 15.23 -3.20 
E-2b 4.15 19.75 16.55 -3.20 
03 2.04 13.55 15.80 ♦2.25 
E-3a 5.00 19.26 16.16 -3.10 
E-3b 3.75 17.92 14.19 -3.73 
04 4.65 19.50 21.75 ♦2.25 
E-4a 2.56 19.61 14.81 -4.80 
E-4b 3.13 15.11 13.06 -2.05 
05 3.45 15.50 16.85 +1.35 
E-5a 4.50 15.53 13.38 -2.15 
E-5b 5.00 14.50 11.45 -3.05 
^^AH weights expressed in grams* 
tMKC refers to the control animals. 
E refers to the experimental animals. 
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TABLE II 
AMOUNT OF FAT EXTRACTED FROM THE LIVERS OF ANIMALS FED ON THE 
CONTROL AND EXPERIMENTAL DIETS EXPRESSED AS PERCENTAGE OF 










Per cent of Liver Fat 
Wet weight Dry weight 
2 
«* 
C-l 1.1217 •3138 .0289 2.558 9.209 
2 
Xw V 
E-la .5699 .1938 .0261 4.579 13.467 
2 E-lb .6986 .2528 .0329 4.709 13.014 
4 02 1.1414 •3281 .0304 2.663 9.296 
4 E-2a .9204 .2234 .0425 4.617 19.024 
4 E-2b .9788 .2901 .0561 5.732 19.338 
6 C-3 1.1089 .3187 .0293 2.642 9.193 
6 E-3a .9678 .3234 •0863 8.917 26.685 
6 E-3b .9103 •2832 .0758 8.328 26.624 
8 04 1.4541 .4221 •0388 2.668 9.192 
8 E-4a ♦9339 .2458 .0493 5.278 20.056 
8 E-4b .0312 .2524 .0515 5.531 20.404 
10 05 1.1617 .3199 .0294 2.530 9.187 
10 E-5a .6876 .2417 .0413 6.006 17.087 
10 E-5b .5121 .1742 .0301 5.875 17.278 
* 
,,A11 weights expressed in grains, 
refers to the control animals. 
B refers to the experimental animals. 
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